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THE MOTOR TRUCK IMPACT TESTS 


OF THE BUREAU OF PUBLIC 


By EARL B. SMITH, Senior Assistant Testing Engineer, Bureau of Public 


ROADS 


Roads. 





slightly with the speed of the truck. 
advantages in reducing impact. 

the speed 

major controlling factor 


determined by these tests. They do, however, 
Impact may be as high as 7 


at 16 miles per hour, an average value being about 4 times. 





HIGH POINTS OF THE REPORT 


Impact depends largely upon the kind and condition of the tire. 
Thin or worn solid rubber tires, even though they be very wide 


Pneumatic tires offer the greatest influence in reducing impact forces 


Cushion tires, that is, tires having a degree of softness and deflection between solids and pneumatics, offer corresponding 
Impact increases with the speed of the truck, but it can not be said to increase according to any constant ratio or power of 
Although heavy unsprung weight may give higher impact than lighter unsprung weight 


The relative destructive effect produced by light-weight, high sp*ed trucks and hea 
indicate that equal impact 
times the static load on one rear wheel when a solid-tired truck strikes a l-inch obstruction 


For pneumatic tires the maximum impact value is probably not 
more than 1%, times the load at one rear wheel, and an average value is 


produce very high impact forces 


and with their use the impact increases only very 


it can not be said that this is the 


vy, Slow-moving trucks has not been 


may be obtained under some conditions 


not more than 1!4 times the load 








HEN 
few years ago they 
experience” 


roads were built the traflic of a 
were built according to 
and empirical rules, and the actual 
weight or speed of the load Wiis only generally con- 
s dered. 


to carry 


Much attention was paid to the question of 
whether the traffic was equipped with steel or rubber 


res. 


Considerable stress was also placed on the 
relative tractive effort required on different types of 
surfaces. <A definite analysis of the surface and sup- 
porting conditions of the road and a quantitative 
determination of destructive forces were not deemed 
necessary. 

The transition from horse-drawn to automobile and 
truck traffic has changed the surface and strength 
requirements of a road. 


Heavy truck traflic has de- 
veloped very rapidly. 


Within only a few months 
during the war the change was made from a tolerable 
traffic condition to that of heavy motor trucks oper- 
ating at high speeds on solid rubber tires. This sud- 
den development of a very severe form of traffic could 
not be met with an ample road-building program, nor 
could it be controlled or directed from the highways 
previously built and not suited for such traffic, with 
the result that many heretofore suitable roads were 
completely destroyed. With the realization that this 
heavy and severe traffic is here to stay and will 
probably increase in weight and density, means are 
being sought for constructing such roads as will carry 


this traflic. Engineers realize that the roads will have 


to be built according to very careful and thorough 
design, but are at once confronted with the fact that 
no design can be satisfactorily accomplished without 


knowing very definitely all the the 


forees to which 


road is subje ted 

To obtain the value of the impact f rees on roads has 
been the object of a series of investigations by the 
United States Bureau of Public Roads during the past 
two years. It isknown that there are four important 
factors to be considered in road design, namely, impact, 
pressure or weight of the passing load, horizontal shear 
and tractive forces, subgrade and_ soil conditions. 
Each of these factors is being thoroughly investigated. 
More progress has been made in the study of impact 
than any of the other factors, and on this subject 
enough data has been collected to warrant a report at 
this time. This paper will deal only with the subject 
of impact. 


ELEMENTARY STATEMENTS. 


Some elementary statements of definition and fact 
will be necessary to understand the meaning and the 
limitations of the experimental data to be presented. 
The term “impact” in its ordinary use means the force 
The 
term is used here in this sense, and its specific applica- 
tion is to the force resulting when a truck wheel strikes 


with which a moving body strikes another body. 
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FIGURE 1.—STATIC LOAD DEFORMATION OF -INCH COPPER CYLINDERS. 


the surface of a road. This action may occur when 
the wheel, traveling over the road surface, falls from 
one level to another, or when it strikes an obstruction 
and bounds upward and finally falls to the road surface. 
In the second case there is an impact reaction at the 
time of striking the obstruction and a second impact at 
the time of striking the road. The obstruction may be 
only an irregularity or wave in the road surface. The 
impact will vary in intensity with the speed of the truck. 
The impact considered here is only the force acting ver- 
tically or normal to the road surface. Other compo- 
nents will be less severe than the vertical, which is 
therefore the critical and controlling force. 


IMPACT VS. STATIC FORCE. 


The force of impact produces an effect somewhat 
different from that of a static force. Static forces pro- 
duce simple deformations proportional to the force 
(within the elastic limit of the materials), but impact 
produces much more complex conditions of stress. 

Static loads or forces are measured as only a single 
factor, i. e., as weight or pressure. An impact force 
is the result of mechanical energy or of mass times 
acceleration; it is a function of weight, distance, and 
time. If impact is measured in terms of energy, 
then there is no rational equivalent between the foot- 
pounds of impact and the pounds of a static force. 
A mass in motion does not produce impact unless it 
strikes or collides with another mass, then the inten- 
sity of the impact depends upon how quickly it is 
brought to rest, or upon the rate of change of the 


velocity of motion. This rate of change is known as 
acceleration; the change itself may be positive or 
negative, i. e., the velocity may be increased or de- 
creased. To increase the velocity of a given mass 
requires that energy be expended upon it; if the mov- 
ing mass be suddenly stopped by collision with an- 
other body it delivers energy to the mass against 
which it strikes. The exact value of the force in 
pounds with which one mass strikes another is very 
difficult of determination. When the moving body 
strikes, it does work in overcoming resistances, and 
does not come to rest until all of its energy has been 
expended. The resistances met with are due to the 
inertia of the body struck, and to the deformation 








FIG, 2. 


and heating of both bodies. The exact values of 
these resistances, as well as the distance through 
which they act, are difficult to determine. ‘The 
other important factor in governing the value of the 
force of impact is time; if the time required to over- 
come the resistances, or the time consumed in coming 
to rest, is zero, then the force is indefinite. The |on- 


ger the time required to come to rest the smaller 
will be the impact force. 
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Although the exact value 
of impact forces is difficult of 
determination, there seems 
to be an approximate connec- 
tion between the deformation 
effects of static and impact 
forces which may be utilized 
in making a comparison. In 
other words, since each force 
may be made to produce a 
deformation, we may express 
an impact force as equivalent 
to a static force which causes 
the same deformation. This 
is not, of course, entirely sat- 
isfactory; it is a permissible 
approximate comparison, and 
is only practical in its appli- 
cation when the load or force 
producing the impact is large 
and moving at a moderate 
velocity. It may readily be 
seen that a large weight 
moving at a small velocity 
will produce a different de- 
structive effect than a small 
one moving at a very high 
velocity, although the kinetic energy measured in 
foot-pounds is the same in both cases. Two methods 
are available for determining the value of impact: 
(2) By receiving the impact on some material, the 
deformation of which will be proportional to the force 
applied, and comparing this deformation with that 
produced by a steadily applied or static force; (b) by 
determining autographically the velocity and maxi- 
mum deceleration of the mass when it strikes the 
resisting body. A description of these two methods 
may be of interest. 


METHODS OF DETERMINING IMPACT FORCES. 


In employing the deformation method a copper 
cylinder is used as the body upon which the impact is 
received. These cylinders are cut from round copper 
rods one-half inch in diameter, and machined to 0.500 
inch in length. They are heat treated to secure uni- 
formity of stress resistance, that is, to make them all 
of equal softness. In use, one copper cylinder is 
placed in the bottom of a heavy cylinder under a loose 
but neat fitting plunger, and the impact is received on 
the head of the plunger. The deformation of the 
copper thus produced is then measured with a mi- 
crometer and compared with the deformations pro- 
duced by static forces. This comparison has been 
simplified by determining and plotting a “deformation 
vs. static load”’ curve (see fig. 1); from which, knowing 
the deformation, it is easy to determine the equivalent 
static load. This method of determining impact 
values gives results that are reliable and can be closely 
checked. The disadvantage of it is that the copper 
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TRUCK EQUIPPED WITH PNEUMATIC TIRES PASSING OVER OBSTRUCTION. 


cylinder itself introduces another factor in the result; 
it acts as a cushion and thus serves to reduce the value 
of the impact. It should also be remembered that the 
copper cylinder under impact does not measure force 
alone, but measures work, i. e., the work which is done 
upon it when the moving mass is brought to rest and 
its kinetic energy is overcome; moreover, the impact 
measured by the cylinder is an average value, not a 
maximum. At the instant of touching the copper 
cylinder the force of impact is zero, and at the point of 
coming to rest it is probably a maximum; then the 
average force or resistance of the copper multiplied by 
the deformation or distance through which it acts 
must be equal to the energy applied (heating and 
elastic effect neglected). It will, therefore, be seen 
that the deformation, or copper cylinder method, of 
determining impact values will show approximately 
the average force of impact. The maximum value of 
the impact force may be nearly twice as great, the 
exact value depending upon whether the load deforma- 
tion curve of the copper is a straight line or is parabolic 
in shape. 


THE AUTOGRAPHIC METHOD. 


The autographic method is accomplished by the use 
of a curve drawn autographically on a tape of paper 
with a pencil operated by the vertical movement of the 
mass. The paper tape is moved at right angles to the 
pencil movement at a known uniform speed. This 
produces a ‘‘space-time”’ curve, the ordinates of which 
are space or distance passed over by the mass; the 
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abscisse being the corresponding units of time. The may occur at any one or all of the wheels. The chat 


second derivative of this curve will give the acceleration 
at any desired point. The maximum acceleration will 
be at or near the point of impact: then knowing the 
mass and its acceleration we have the result from the 
fundamental relation, “‘mass multiplied by acceleration 
is equal to force.’ This is the force of impact. The 
method just described has been used only to a very 
limited extent and none of the results given in _ this 
paper was obtained in this way. But in subsequent 
tests, when actual road conditions will be investigated, 
this method will have to be used, since the copper 
cylinder method is not practical under such conditions. 


THE ACTION OF A MOVING TRUCE. 


A truck wheel moving over a perfectly smooth and 
rigid plane surface will produce on that surface a pres- 
sure equal to the total weight of the wheel and its load. 
But if the surface is uneven, wavy, or rough a pressure 
may be produced which will be greater than the static 
load, its magnitude depending upon several factors. 
The resulting pressure or force upon the surface will 
be considered to be an impact when it is greater than 
the static load of the wheel. 

A motor truck consists essentially of four wheels 
carrying a body on intervening springs, and an impact 


acteristics of a truck and the factors which enter int 
the determination of impact values are the sprung 
weight or all weights and loads above the springs ; the 
unsprung weight, which includes wheels, tires, axles 
springs, and all other effective weights under the spring 
the kind and condition of the tire: the spring characte 
istics, which inelude its deformation or deflection und: 

different loads and its period of vibration: the hor 

zontal speed of the truck; the size and shape o! 
the obstruction, or irregularity in the surface ov 

which the wheel passes ; and the character of the roa 

surface. 

The greater proportion of the weight of a truck 
carried on the rear wheels, and while the front whe: 
do cause some impact the rear wheels, in general, w 
cause greater impact. In all discussions of impac' 
forces from motor trucks it is the effect at one rear 
wheel only which will be considered, since here tlic 
force of impact is greatest and it is at this point that t 
controlling factors have the greatest influence. Cf 
course, if both rear wheels are subjected to the same 


road influences at the same time, the impact of ea 
wheel will be the same and the result will be the app!i- 
cation of equal impact forces to the road surface at the 
two wheel points. 
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SPRUNG AND UNSPRUNG WEIGHTS. 


The sprung weight of a truck produces deflection in 
the spring and tire and consequently a pressure on the 
road surface. This weight takes on a comparatively 
slow up-and-down movement when the truck wheel 
strikes an obstruction or irregularity. This movement 


THOUSAND POUNDS OR PER CENT CORRECTION 


0.5 1.0 1S 20 2s 3.0 
HEIGHT OF FALL IN INCHES 


FIG. 5—CUSHIONING EFFECT OF COPPER CYLINDER. 


which is slight at the instant of contact, increases to a 
maximum, at some time after the wheel impact and 
produces intensified road pressures which may be 
greatly more than the static load. 

The unsprung parts of the truck act in an entirely 
different manner. When the wheel strikes an obstruc- 
tion in the road it acquires an upward velocity depend- 
ing upon the height of the obstruction and the speed 
of the truck. The reaction or impact on the road sur- 
face is a force depending for its value upon the vertical 
acceleration of the wheel, the mass of the unsprung 
parts and the spring pressure. The wheel may continue 
to move upward even after passing the obstruction 
until the movement is overcome by spring pressure 
and inertia, it is then shot downward by the combined 
action of gravity and spring pressure, and thus pro- 
duces another impact on the road surface. The verti- 
cal reaction of this movement of the unsprung parts 
serves of course slightly to retard the fal] of the body or 
sprung parts of the truck; but when the body does fall and 
1s cushioned on the springs, it produces an additional 
pressure on the road surface, but strictly speaking rot 
an impact. It will readily be seen that the magnitude 
of the impact as the wheel passes over obstructions and 
irregularities, and also the oscillations of the sprung 
weight are dependent upon the speed of the truck. 

It is the unsprung weight and the value of the spring 
pressure which produces the actus! impact, and since 





impact is a force resulting from a moving mass being 
brought to rest with a negative acceleration, it is great- 
est when “mass times acceleration”’ is a maximum. 
Acceleration being’ the change of velocity within a 
certain time, it is seen that if the final velocity is zero 
the greater the actual velocity just before impact the 
greater will be the value of the negative acceleration, 
or deceleration. 

In the case of a wheel striking an obstruction or a 
wave the vertical velocity depends upon the horizontal 
speed, the height and form of the obstruction, and the 
indentation or the deflection of the tire when striking. 
Taking the simpler case (fig. 2A), the wheel mounts the 
wave gradually with a more or less localized tire deflec- 
tion and must attain the height h, while the wheel is 
passing horizontally over the distance x, at the speed 
S. In this case the vertical velocity 

1.46Sh 
Pen EH Rew S OS (1) 


where S is measured in miles per hour, and h and z are 
measured in feet; the resulting velocity v is in feet per 
second. 

If the wheel strikes a sharp obstruction, as in figure 
2B, the tire action has considerable influence upon the 
result. After striking, the wheel rises and approaches 
the position at C. Somewhere between these two posi- 
tions the vertical velocity will be a maximum. The 
mean velocity is given by the same relation as in equa- 
tion (1), except that / is the height of rise of the wheel 
and not the height of the obstruction. How greatly 
these two values will differ depends upon the character 
of the obstruction and the tire. One extreme is where 
the tire and obstruction are practically incompressible. 
as a steel tire and stone block, then h=h’. The other 
extreme would be with a soft pneumatic tire which 
would indent or deflect an amount equal to hk’, then 
h=0, and v=0. In this consideration it should be 
noted that in obtaining the vertical velocity the weight 
of the sprung or unsprung parts is not a factor, while 
the speed of the truck is a main factor. It is also as- 
sumed that the radius of the wheel is at least five times 
the height of the obstruction, so that the horizonta! 
retardation of the truck is of no appreciable conse 
quence. 

Let us consider the action of a truck wheel in falling 
from one elevation to another, or in falling after having 
been thrown upward as a result of striking a wave or 
obstruction with sufficient horizontal velocity to make 
the wheel jump clear from the road surface. In suc! 
cases, the wheel is acted upon by gravity and the 
downward spring pressure. If the wheel and truck 
body as a whole have been thrown upward to some 
considerable height, say 1 to 2 feet, then the spring 
pressure becomes zero. While the truck is in flight the 
wheel vibrates up and down freely under the influence 
of the spring, and practically comes to rest with respect 
to the truck body before it strikes the road surface 
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FIG. 6—STATIC LOAD VS, DEFORMATION OF RUBBER TIRE. 
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TYPES OF TIRES USED IN THE EXPERIMENT. 


























again. The wheel and the body are then acting as a 
unit and are falling freely under the influence of gravity 
only. They have a downward velocity due only to the 
height of fall, the final velocity v being given by the 
equation 


The actual performance of the truck in motion over 
a road surface is not such as to cause it to be in flight at 
such a height nor for a sufficient length of time to per- 
mit the vibration of a wheel under the influence of the 
spring to die out, so that there is no relative movement 
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between the wheel and body. If, therefore, a truck 
wheel be suddenly released from its road support and 
drops to a lower surface it does so under the combined 
influence of gravity and spring pressure. The spring 
pressure is a maximum at the beginning of the drop and 
& minimum at the end. In the case of a direct drop 
from one level surface to another, the initial spring 
pressure is equal to the load carried, and the final spring 
pressure depends upon the stiffness of the spring and the 
amount it has opened. Spring deflections usually vary 
directly with the load, and range in value up to 6 or 8 
inches. The stiffness varies for different truck springs 
from 1,000 pounds to 3,000 pounds per inch of deflec- 
tion. See figure 3. Irregularities and falling distances 
in road surfaces are usually less than 2 inches, most of 
them being under 1 inch. It will therefore be seen that 
the usual drop or action of a wheel is always within the 
range of influence of the spring. The fact should also 
be realized that the motion of the body or sprung weight 
of the truck is not appreciable until some time after the 
disturbing event has occurred. 





In a simple way we may consider the truck wheel as a 
single mass acted upon by gravity and by a spring 
pressure, then the velocity at the end of the fall is 


pe det.) 6 ees vis & 


(g is 32.2, the acceleration of gravity; A is the height of 
fall in feet; ¢ is the time of fall in seconds; and, a is the 
acceleration due to spring pressure). 

That is, as shown by equation (3), the velocity at- 
tained under the combined action of gravity and spring 
pressure is equal to the velocity attained under free 
fall plus a velocity which is a function of the accelera- 
tion due to spring pressure. This acceleration is not 
constant, since the force producing it is not constant; its 
value depends upon a complex integral equation. 

Solution of equation (3) shows that the vertical velocity 

of the truck wheel falling or acting within the influence of 
the spring pressure is very much greater than when falling 
free from a considerable height. While we are not con- 
cerned directly with the value of the velocity, it is a 
factor which enters into the determination of the final 
deceleration. 
‘ The final force of the blow is dependent upon how 
quickly the mass is brought to rest. Since accelera- 
tion is dependent upon the rate of change of velocity 
from the instant of touching the road surface to the 
instant when the mass is finally at rest, it is readily seen 
that the shorter the time and distance over which this 
change takes place the greater will be the force. This, 
also, applies when the mass starts from rest, or zero, 
and is changed to some maximum value as the wheel 
rises vertically over a wave or obstruction. 

The rate of change, that is, the acceleration or 
deceleration, is determined by the time necessary 
to change the velocity from one value to another. In 
the cases with which we are now concerned, either the 
final or initial velocity is always zero. Therefore, if 
the time required to change the vertical velocity of a 
wheel to zero can be determined, we may obtain the 
acceleration by dividing the initial velocity by this 
time. This time interval, however, is very difficult to 
determine in any way except by means of some auto 
graphic recording device. 


EFFECT OF TIRES. 


The time element in the rate of change of velocity 
varies with the distance over which the change takes 
place. If a vertically moving wheel with «a steel tire 
strikes a hard rigid road surface it is brought to rest in 
a very small vertical distance, and consequently in a 
very small time; therefore, the deceleration value will 
be large, producing a large impact force. If the wheel 
carries a solid rubber tire it will be brought to rest in a 
somewhat greater distance and time, and the result 
will be a smaller deceleration value and less impact. 
The greater the tire deflection, or cushioning effect, the 
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less will be the impact value. This is as should be 
expected, and the fact is very clearly shown in the 
experimental results. 


OTHER DESTRUCTIVE EFFECTS OF TRUCKS. 


Because of the large amount of power and tractive 
effort a large shearing force is applied by the two rear 
wheels to the road surface. In the case of hard sur- 
faced roads this has no particular destructive effect. 
But in the case of loose surfaced roads, such as gravel, 
sand clay, and waterbound macadam, tractive forces 
may be very destructive. However, this may not be 
any greater in the case of trucks than it is for pleasure 
cars running at high speeds. 

Trucks, which under load have a total weight of 
20,000 pounds, may have in most types of construc- 
tion a single rear wheel load of 7,000 to 8,000 pounds. 
This as a simple static load is often sufficient to break 
through some roads. 

While an impact is the most severe and the most 
frequent of the forces produced by a truck passing 
over an imperfect road surface, there is another effect 
of increased road pressure which should be understood. 
When a truck passes over a road surface, even if at 
such a speed as to produce little or no actual wheel 
impact, the irregularities and waves in the road cause 
the body to oscillate up and down. This oscillation 
is not a simple vibration, but is rather complex with 
respect to its amplitude and period. On each down- 
ward oscillation of the body, the springs are com- 
pressed to a greater amount than that due to the static 
or dead load. This greater spring deflection produces 
a correspondingly greater pressure on the road surface. 
As an example, considering the effect at one rear wheel: 
A truck is carrying on the rear spring, 8,000 pounds; 
the unsprung weight is 1,500 pounds; the spring 
deflection under its load is 4 inches; the oscillation 
causes the load in falling to deflect the spring an 
additional 4 inches, which from observation is entirely 
reasonable; then we have 


Pounds. 
cin lt ip nal in casein Gut we hae WR eel anal ete a wie a ga ewe 5, DOO 
Addition load from 4 inches additional spring deflection.... 8, 000 
Unsprung weight 


\ctual load 


ee a oy eee ree eee 1, 500 


Total oscillation effect, at one rear wheel.............- 17, 500 


This could be further added to by wheel impact. 
Combinations of impact and oscillations very often 
occur at the same instant; then the oscillation effect 
would be added to the impact effect. Suppose at this 
same instant an impact force of 10,000 pounds had 
occurred, then the total road pressure would be 17,500 + 
10,000 = 27,500 pounds at one rear wheel. 

The additional road pressure due to the oscillation 
of the body is only very slightly affected by the kind 
and condition of the tire. This is because we are 
dealing with the sprung weight and the spring is 
cushioning this weight far more than is the tire; it is 


not in the nature of an impact but only similar to a 
suddenly applied load. 


EFFECT OF THE UNSPRUNG WEIGHT. 


In order to consider the effect of the unsprung weight 
on the value of the impact produced by a truck on the 
road surface, it must be realized that a truck wheel 
can not be isolated from the influence of the truck 
spring, either in its upward or downward movement. 
The effect of the unsprung weight can not be said to 
bear a definite fixed ratio to the effect of the load car- 
ried by the truck. 

In the downward movement of the unsprung weight, 
in flight free from the road surface, its velocity at any 
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given time depends upon the ratio of the spring pres- 
sure (including gravity) and the unsprung weight. 
These two factors can not be separated, because of the 
influence of the inertia of the unsprung weight. With 
the same spring pressure a higher velocity will be 
imparted to a light unsprung weight than to a heavy 
unsprung weight; also, for any given unsprung weight 
the greater the spring pressure the greater will be the 
downward velocity. But when the final value of the 
force of impact is considered then the factor of 
unsprung weight enters a second time. For having 


obtained the deceleration value, as a function of the 
unsprung weight, spring pressure, and the time required 
to change the velocity to zero, then the impact force 
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is the product of this value multiplied by the unsprung 
weight. Therefore, the greater the spring pressure 
with a given unsprung weight the greater will be the 
force of impact. Also, with any given spring and load- 
ing condition, the greater the unsprung weight the 
greater will be the impact. 

In the wpward movement of the wheel as a result of 
striking an obstruction or irregularity, the initial vertical 


SOLID 40 «6 DUAL 
S$ Ton Truck K 

LOAD = 7.5 TONS 
ONE REAR WHEEL 


LOAD = 9625 LBS 


PNEUMATIC 

48% 12 . 
SPECIAL 5 TON 

\ TRUCK Ks 

LOAD = 7.15 TONS 
ONE REAR WHEEL 
LOAD = 10500 


THOUSAND POUNDS 





2 4 6 8 o 2 4 6 8® 2 
MILES PER HOUR 


FIG. 9.—COMPARISON OF SOLID AND PNEUMATIC TIRES (TWO 
TRUCKS APPROXIMATELY THE SAME). 


velocity is zero; its maximum velocity and acceleration 
are dependent upon tire deflection, the slope of the 
approach, and the horizontal speed of the truck. The 
value of the force in this case, equals the mass of the 
unsprung weight multiplied by the vertical accelera- 
tion, plus the spring pressure during impact. When 
the wheel starts downward again if it has left the road 
surface, the spring pressure acts to increase the impact 
as explained in the preceding paragraph. It should 
also be understood that the less the deflection of the 
tire the greater will be the vertical movement and 
acceleration; while a soft cushion or a pneumatic tire 
may so deform or deflect as to absorb more of the ver- 
tical movement and thus reduce the acceleration. 

The effect on the truck body of the upward move- 
ment of the unsprung weight is dependent upon the 
vertical velocity and acceleration, the spring stiff- 
ness,. and the load carried. As the weight moves up- 
ward it does work by compressing the spring and lift- 
ing the body. If very stiff the spring transmits to the 
body a large part of the force as an impact; resulting 
in a series of severe vibrations. The amount of energy 
delivered to the spring may be minimized in any par- 
ticular truck by reducing the vertical velocity and ac- 
celeration, which is most certainly accomplished by 





slower truck speeds, or by using pueumatic instead of 
solid tires. All impacts are very much reduced by 
using good solid tires which have at least a 2-inch 
thickness of rubber at the tread, instead of old or 
badly worn tires which have less than 1 inch of rubber 
thickness. In the design of the truck any reduction 
of the unsprung weight, or distribution of it to two 
rear axles instead of one will tend to reduce the up- 
ward force against the spring. 


EXPERIMENTAL RESULTS. 


For the purposes of the tests which have been made 
a special runway of concrete was constructed, as shown 
in figure 4. This runway is so designed that the 
height of the head of the plunger B is flush with the 
road surface. The “obstruction” tests are made at 
this place by bolting to the plunger head a strip of 
hardwood 4 inches wide and 16 inches long, using 
thicknesses of } in., 4 in., } in., 1 in., 2 in., 3 in., and 
in the case of pneumatic tires, 4 inches. 

The “‘drop” tests are made at the drop-off edge E, 
the plunger beyond and in the lower pit being so placed 
that the plunger head A may be elevated to give 
“drop” distances varying from 0 to 3 inches. The 
plunger may also be moved away from the edge E 
any distance to receive the blow of the wheel as it 
jumps varying distances depending upon the speed 
of the truck. A 4-inch copper cylinder, heretofore 
mentioned, is placed under each plunger as shown. 
By this preparation it is easy to secure the data from 
both types of tests during one run or passage of the 
truck. 

The impact of only the left rear wheel is measured. 
A bridge is placed over each plunger head to protect 
it from the front wheel. As this wheel passes, the 
bridge is jerked out leaving the plunger head clear 
to receive the impact of the rear wheel. In the case 
of the obstruction test, the right wheels (front and 
rear) do not strike the obstruction. But in the case 
of the drop test both right and left wheels are caused 
to drop the same amount. 

Truck speeds are determined with a stop watch by 
noting the time to pass two points which are 30 feet 
apart. These speed determinations are accurate to 
maximum variation of 10 per cent, but from the faci 
that the results may be influenced more than this 
amount of variation by the action of the front wheel, 
this error in speed determination is considered of 
little consequence. 

The indications given by the measurements of the 
copper cylinders may have a maximum variation of 
about 5 per cent. This is due to slight variations in 
the annealing of the copper, to errors in measurement, 
and to variations in obtaining the equivalent value 
from the static-load curve. 

It has been briefly mentioned above that the intro- 
duction of a copper cylinder as a means for measuring 
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the impact also introduces a cushioning effect: whic 
in turn serves to reduce the impact value. A few ex- 
periments have been conducted to determine approxi- 
mately what this cushioning effect may be. Copper 
cylinders of different diameters all one-half inch in 
height were used to receive the impact of a constant 
weight falling the same height in each case. This was 
also repeated by changing the height of fall. Auto- 
graphic space-time curves were also taken of these same 
impacts, without using a copper cylinder. The inter- 
mediate sizes of copper cylinders were used to obtain 
an idea of the progressive variation due to different 


TABLE I. 


Empty weight. 





- : Rated 
Truck. capacity. 
Total. Front. Rear. 2 rear 

Tons. Pounds. Pounds.| Pounds. Pounds 
W 1} 6, 320 2, 250 4, 070 2, 030 
W 1} 6, 320 2, 250 4, 070 2, 030 
Winsassinaes 1} 6, 320 2, 250 4, 070 2, 030 
OD cothanes 2 7, 800 3, 300 4, 500 2, 000 
Biakeaners 2 7, 800 3, 300 4, 500 2, 000 
| Sr eae 2 7, 800 3, 300 4, 2, 000 
A 5 9, 850 3, 900 5 3, 900 
\ 5 9, 850 3, 900 5, 3, 90! 
A 5 9, 850 3, 900 >, § 3, 900 
Pp 3-34 9, 500 3, 800 5, 3, 400 
P 3-34 9, 500 3, 800 5, 700 3, 400 
P. 3-3) 9, 500 3, 800 5, 700 3, 400 
B 3 11, 370 4, 520 6, 850 3, 675 
Dastecsaedwndked 3 11, 370 4, 520 6, 850 3, 675 
B 3 11, 370 4, 520 6, 850 3, 675 
RE. cccceccns 5h 11, 800 5, 300 6, 500 2, 000 
ka 54 11, 800 5, 300 6, 500 2, 000 
Ka 54 11, 800 5, 300 6, 500 2, 000 
NK 7h 13, 600 5, 240 8, 380 3, 000 
K 7} 13, 600 5, 240 8, 380 3, 000 
Kc 7h 13, 600 5, 240 &, 380 3, 000 
Ks 5 13, 600 5, 860 7, 740 
Ks 5 13, 600 5, 860 7, 740 
K 5 13, 600 5, 860 7, 740 
Kb 54 9, 800 4, 900 4, 900 2 
Kb 5} 9, 800 4, 900 4, 900 2 
Kb i 9, 800 4, 900 4, 900 2, 
ae 5 RE be itinianite « eeneannani 3, 000 
iin tc denca ned <5 <asctiereoss cos eslebemeger esteem ee ieey os alastriarcaka a 23,000 


!Two wheels 


cushioning effects. Results of these trials are plotted 
in figure 5. It will be seen that for values of 1-inch 
drop thel/2-inch copper cylinder indications should be 
increased 42 per cent and for a 2-inch drop the increase 
should be 45.6 per cent. By applying such corrections 
as this for the different heights of drop it is possible to 
get an idea of the more correct value of the impact 
force. 

The impact values shown on the charts as ordinates 
are the actual static indications from the 1/2-inch copper 
cylinder as measured immediately after the test. This 
is known as the static equivalent, and is plotted as such 
in all of the charts without corrections of any kind. 
lt is realized that these values are only comparative 
and are not actual impact values. To arrive at a more 
nearly actual impact indication, or maximum force 
value, it will be necessary to correct these static 
equivalent values by increasing each by the cushioning 
factor as indicated in figure 5 and multiplying by some 
factor to allow for the fact that the copper cylinder 


) 


Jnsprung weight 





measures the average impact and not the maximum. 
The value of this last factor may be from 1.5 to 2, 
depending upon the equation of the stress-strain dia- 
gram. No corrections of this kind have been made in 
any of the data or charts presented in this paper. 
Because of the nature of these experiments no great 
accuracy has been attempted, and for practical results 
it is not considered that a high degree of accuracy is 
necessary. The forces with which we are dealing are 
very large, and 5 to 10 per cent variation is not con- 
sidered to be of much importance. To have insisted 
upon a high degree of accuracy would have delayed the 


Showing size, weights, and loadings of trucks 








| 
Distribution of load (cargo only). 
dake Spring | Total 
-| weight defiec- | load on 
eet tion for | road 
rcent | on | rear total | from 1 
~ Total Front Rear load on wheel, soran rear 
- tons. axle axle rear jcargo and ar ne heel 
axle. | truck. — —_— 
~ 
Pounds Pound Pounds Pounds | Pounds. 
1, 065 0 0 0 0 OOP Sidveisness | 2, 055 
1, 065 1} 20K 2, 880 90 BERD becssnssvcs | 3, 475 
1, 065 2 28 4, 410 6 + S88 tii 4, 240 
1, 000 0 ) 0 0 | 1, 250 1. 02 2, 250 
1, 000 2 LO 4, 100 102. 5 | 3, 300 2.70 | 4, 300 
1, 000 3 400 5, 600 93. 5 | 3, 900 3.19 | 4, 900 
1, 950 0 0 0 0 | 1, 050 - 38 | 3, 000 
1’ 950 5 0 9, 950 100 | 5,950 | 2.12 7, 900 
1, 950 74 ) 15, 150 100 | 8, 650 3. 09 | 10, 600 
1, 700 0 0 0 0 | 1, 150 | - 48 | 2, 850 
1, 700 2) 400 4, 600 2 | 3, 450 | 1. 44 | 5, 150 
1, 700 4} 700 8, 300 g2 | 5, 300 2. 25 7, 000 
1, 837 0 0 0 0 | 1, 588 .74 3, 425 
1, 837 3. 6 580 6, 620 92 | 4,900 2.62| 6,735 
1’ 837 : Si 9, 020 90 6, 100 3. 63 | 7, 935 
1, 000 6 0 0 2, 250 1.12 3, 250 
1, 000 5 4 ), 620 95 7, 060 3.73 8, 060 
1, 000 73 100 4, 650 94 9, 575 5.12 10, 575 
1, 300 0 0 0 2, 695 1. 08 4,195 
1, 500 $A 10 6, 940 104 6, 200 2. 70 7, 700 
1, 500 8} 60 16, 720 97.5 11, 000 4.78 12, 500 
1, 130 0 ) 0 0 SEP lecnciteseeel 3, 870 
1, 130 6.4 1, 050 10, 680 92 | eee 9, 215 
1, 130 7.15 1, 020 13, 280 93 | Ee 10, 510 
1, 300 0 ) 0 0 1, 600 53 2, 900 
1, 300 5 650 9, 350 93.5 f, 800 1.9 7, 100 
1, 300 7} 650 14, 350 95. 6 8, 800 2.9 10, 100 
1, 500 D duvwerdecssiasausasaaahessewasas 17, 980 | 1.75 19, 480 
11,500 7 ae re eer ba se, Meee meinen 110, 280 | 2. 62 111,775 
Four w 


experiments and possibly discouraged further investi- 
gation by others. 

These tests are planned to show the influence of 
only the important factors upon the value of the im- 
pact force. Not all possible factors are considered, 
only those having a definite and direct influence and 
which are more or less easily controlled in the operation 
of a motor truck, or which may be controlled in the 
design and equipment. 

The speed of the truck is considered to be one of the 
most important factors. It is the factor which is 
most spoken of in connection with the operation of a 
truck, and the one factor against which there are aimed 
more traffic rules and laws than any other. The 
determination of its effect upon the value of the 
impact force is very important. For this reason 
speed values, in miles per hour, have been made the 
independent variable in most of the tests. 

Trucks of different weights and capacities have been 
used in the tests. A full tabulation of the weights 
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TaBLE I1.—Data referring to the graphical charts. 
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Type of test. 


Drop-stationary 
Obstruction. 

Do 
Drop 

Do 

Do 
Obstruction. 

Do 

Do. 
Drop 

Do. 
Obstruction 

Do 
Drop 

0 

Obstruction 

Do 
Drop 
Obstruction 


2) Drop 


Do 

Do 
Obstruction 

Do 
Drop 

Do 
Obstruction. 

Do 

Do. 

Do 
Drop 

Do 

Do 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Obstruction 

Do 

Do 
Drop 

Do. 

Do. 
Obstruction 
Do. 

Do. 

Deup 
Do. 

Do. 
Obstruction 
Do. 

Do. 

Do. 

Drop 
Do. 
Do. 

De 
Obstruction 
Do. 

Do. 
Drop 

Do. 
Obstruction 

Do. 
Drop. 

Do. 
Do. 
(obstruction 
Do. 
Do. 

Drop 

Do. 

Do. 
Obstruction. 

Do. 

Do. 
Prop. 

Do. 

Do. 
Obstruction. 

Do. 

Do. 
Prop. 

Do. 

Do. 

Do. 

Do. 
Obstruction. 

Do. 

Do. 

Do. 

Do. 
Iron obstructior 
Drop. 

Do. 




















TABLE II. 


Sprung |Ur 
weight 
Chart No Truck. | Capacity Load on | rear | o 
wheel 
Vg 
Tons Tons Pounds Pount 

100 ka aS) 0 2, 250 
101 Ka + 5 7, 060 
102 Ka of 7 9, 575 
103 Kb ) ) 1.600 
1a kb v4 5 », SOO 
105 kb 54 7} SSO) 
16 kb 5 if) 1, 600 
LO7 Kb ) 5 5, 800 
10S kb vA 73 & NIK) 
109 Kb 5A ) 1, OM 
110 Kb a, 5 S800 
lil Kb rh 74 &, SOO 
12 Kb 4 0 1, 600 
113 Kb 4 5 », SOO) 
114 Kb vA 7} s, SOO 
hs Kb 5 ’ 1, 600 
116 Kb 5 5 5, 800 
117 Kb i} 7 &, SOO 
118 Kb ie 1. 600 
119 kb 5h ) 5, 800 
120 Kb i) 7 S, SOK 
121 Ke 74 0 2,700) 
122 ke 7 6, 200 
123 K« 7} ‘ 11, OF 
121 Ke 74 0 2,700 
12 K« 4 6, 204 
126 Ke 71 sh 11, 000 
127 Ks ) 0 2,440 
128 Ks 5 6.4 &, O80 
129 Ks 7.1 1, 3S 
30 G 5 5 7, 980 
11 G f 7 10, 280 
12 G 5) 5 7, oN) 
133 G 5 7 10, 280 


and equipment of the trucks used is shown in Table I. 
Some of these trucks have comparatively heavy un- 
sprung parts and some have light unsprung parts. 
The effect of this factor was especially studied in the 
tests upon two trucks of the same capacity under 
different loadings and speeds, each truck being equipped 
with the same set of tires. 

Tire equipment was considered to be a very impor- 
tant factor. As far as possible, each truck was tested, 
at different speeds and loadings, with several kinds and 
conditions of tires. 

To get a definite idea of the effect of the height of 
fall, or of the height of an obstruction or irregularity in 
a road surface, this factor was used as one of the vari- 
ables in most of the tests. 

The experimental results obtained during the con- 
duet of these tests are plotted in Charts Nos. 1 to 133, 
inclusive. The data as plotted on these charts repre- 
sent the average of two or three trials, and in the case 
f wide variation from the supposed position of the 
point on the curve additional trials were made. In 
several cases the plotted points on these curves seem to 
be more or less out of position to give uniform or relative 
results, but from successive trials and observations dur- 
ing the test it was noted that certain oscillations set up 
by the front wheel striking the obstruction are sufficient 
‘o very materially change the impact of the rear wheel. 

The index to these charts is given by corresponding 
numbers at the bottom of each page, and the data for 
all charts are repeated in Table II. The points on the 
vertical axis of each curve marked Mg and mg are 
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Data referring to the graphical chart 


Continued. 


Tires Springs. 
prunhg sainscaicennutiigs 
| rear Deforma- Defiec- Type of test. 
No | , tion dur No tion due 
wheel sands to sprung 
load weight 
1s 
mM) Solid 15 B 1.12 | Obstruction. 
CAR) 2 B 3. 73 Do. 
TD of I 42 Do 
) | 15 G .53 | Drop. 
sO) lf i oN G 1. 93 Do 
0K) 16 d 35 G 2, 93 Do 
" I 1 15 G & Obstruction 
» \f d Is G 1. 93 Do. 
4) 16 do a5 G 2. 93 Do 
" 24 d ‘ G 5 Drop 
MK) 24 d } G 1, 93 Do 
iM i dc 12 G 2.93 Do 
(yf) 24 d 18 G 5 Obstruction 
iM) 24 lk 5 G 1. 93 Do 
30) 24 do G 2. 93 Do 
(W) a) do s G * Drop. 
" i G 1. 93 Do 
AH do ‘ G 2. 93 Do. 
0M) da 8 G 53. Obstruction 
a1 | 9 do 5 G 1. 93 Do 
0) ) j 8 G 2.93 Do 
MM ] s/ ( 1. O8 Drop. 
¥) | g ( 2.70 Do. 
1 1 Cc 1.78 | Do 
" | ’ 0 ( 1.08 | Obstruction 
K) | | ig + 2.70 Do. 
“iM j j at ( 4. 79 Do. 
130 r Ima 4 Do 
130) } Do 
il 1 ee . Do 
WM) | ees ee 1.75 | Dro» 
(x) | ‘ 2.62 Do. 
0) j 1.75 | Obstruction 


2 #2 Do 
respectively the values of the sprung weight and of the 
unsprung weight. This is shown on each chart for the 
purpose of comparing the impact values with the load 
values. 

No attempt will be made to explain all the variations 
which may be noticed on the charts. The data are 
presented complete for the purpose of affording an 
opportunity to make such extended study as any one 
may desire. 

The results presented in Charts Nos. 130 to 133, in- 
clusive, are for a very special truck constructed with two 
rear axles, making what may be called a six-wheel 
truck. ‘This truck was equipped with pneumatic tires; 
and power was applied to each of the four rear wheels. 
This construction serves to distribute the weights to 
four wheels at the rear of the truck instead of two 
wheels as in the ordinary truck. The impact results, 
as shown on these charts represent the combined im- 
pacts received from the two left rear wheels. It should 
be noticed in this particular case that the impact is 
practically constant for speeds between 10 and 25 miles 
per hour and that the impact value was less than the 
total load on two rear wheels. 

Charts Nos. 127 to 129, inclusive, show the variation 
of the impact due to different air pressures in pneumatic 
tires. 

Spring dimensions and characteristics are shown in 
figure 3, and Table III. It should be noticed that the 
‘load-deflection” curve in each case is practically a 
straight line. These data should aid in a further study 
of the impact results. 
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Tas_e IIL.—Showing spring characteristics of the various trucks used 








in the tes s. (See Figure 3.) 





Figure 7 shows an important comparison of the ef 
fect of the tire equipment upon the value of the impact. 
The truck used in this comparison was of 2-ton capac- 


‘ . ¥ N ber ie = a ° . . = 
Curve. | Truck. A B D | ofleaves, Width. Stiffmess.| ity, carrying a 2-ton load. Four different tires were 
used and a complete series of tests was run with each, 

Tons. Inches. Inches. Inches. Inches. ph 4 using in each case the speed as the independent vari- 
K 57 ‘ eee 7 25 r ° ° ° 
3h Ka oa ef — 7 ; so. . able. The comparison is shown with both the drop and 
=i Ivo B . = - 9: . r ° 
yP a3 [ ; = : 340 | the obstruction test. To draw attention to the ob- 
¢ oF - 9 © Oy e ° ° . . 
.* a7 at : 4 : +t | struction test only, it is noticed that the impact value 
54 Kb 52 64 64 17 4 3,000 | 


Tire dimensions and deformations are shown in 
figure 6. For each tire a curve is shown which gives 
the deflection or deformation under different loads. 
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THOUSAND POUNDS 


NO. 2- DUAL, 40*6x2, OLD, 
DEFL. =.23° 

NO.16 - ONE, 40 x10 x 25 NEW, 
DEFL. =.28 


” “ * 
NO.24-DUAL, 40x6x 23,0L0 
DEFL. =.33 





NO. 25-QUAL, 40 x 6 x 12,0L0 
DEFL.=.15 





” 
anaenan & GROPP 
——_—_—. 2 OBSTRUCTION 





2 4 6 8 10 2 1% 16 
MILES PER HOUR 


FIG. 10.—COMPARISON OF TIRES (TRUCK 5-TON K; LOAD, 5 
TONS; (UNSPRUNG WEIGHT), mg., 1,300 LBS.). 


No attempt is made to take into account the variation 
in rubber composition, except as is shown by the 
deformation. 

After securing and studying results as shown in 
Charts Nos. 1 to 133, inclusive, many interesting and 
important comparisons present themselves. No at- 
tempts will be made at this time to analyze all possible 
comparisons between the results shown on the charts. 
A few of the important features and indications are 
shown in figures 7 to 12, inclusive. 


(the ordinate) shows a considerable change with only a 
slight change in the tire deflection. The impact value, 
with all conditions the same except the tire, is the 
greatest for the solid rubber tires and the smallest for 
the pneumatic tire, the cushion tire giving an inter- 
mediate value. At low speed the difference is not so , 
great. At a speed of 174 miles per hour the pneu- / 
matic tire gives an impact value of only 1.75 times the 
rear wheel pressure on the road surface, the cushion 
tire over three times, and the solids 4.3 to 5.1 times. 
In this particular case, the cushion tire gives an impact 
value of 63 per cent of the solid tire average, and the 
pneumatic only 36 per cent. It should also be noticed 
that for the pneumatic tire the impact value increases 
only very slightly with the increase of speed. 

Figure 8 shows also a comparison of the effect of tire 
equipment. The truck used in this case was of 34-ton 
capacity, loaded with 44 tons, the unsprung weight 
being equal to 1,300 pounds. The total load at one 
rear wheel was 7,000 pounds. Here, it should be no- 
ticed that with pneumatic tire equipment the impact 
force was only 15 per cent greater than the actual 
wheel load. The four different solid tires which were 
used in this series show very clearly the effect of the 
condition of the tire. Tire No. 17 gave some very high 
impact values even at 12 miles per hour. This tire 
was badly worn, having a thickness of only one-fourth 
inch above the rim. The other solid tires gave impact 
values somewhat in proportion to their deflection or 
condition.“ The results as shown by tires Nos. 10 and 
11 indicat®é the usual impact values that may be ex- 
pected with good solid tire equipment, while the results 
shown by the use of tires Nos. 4 and 17 show the in- 
crease or extreme values that may De expected from the 
same truck when the tires are in a badly worn condi- 
tion. 

Figure 9 is also a comparison between the effects of 
solid and pneumatic tires. The truck used in this 
case was of 54-ton capacity, loaded with 74 tons. This 
figure is intended to show the very great cushioning 
effect of pneumatic tires in comparison with solid tires 
In this case a 4-inch obstruction was used during th: 
test with the pneumatic tires, and the resulting effec: 
was very much less than when using a solid tire on 4 
inch, or 1-inch, or 2-inch obstruction. The figure als: 
shows the effect of the air pressure in the pneumati: 
tires upon the value of the impact force. 
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FIG, 11.—COMPARISON OF TRUCKS VS. SPEED 


Figure 10 shows also a comparison of tires. This 
shows that in general the magnitude of the impact 
force is dependent upon the condition and deflection 
of the tire. It shows, as did figure 8, the wide varia- 
tion in impact values that may be expected from the 
same truck equipped with tires of different conditions. 

Figure 11 shows a comparison between trucks. Two 
54-ton trucks were used in this case and each was loaded 
so that the total rear wheel load was the same in each 
case. Truck A had an unsprung weight of 1,950 
pounds and truck K had an unsprung weight of 1,300 
pounds. Both trucks were equipped with the same 
set of tires. The purpose of this comparison is to show 
the effect of unsprung weight upon the impact value. 
It is very clear that the truck having the lighter 
unsprung weight produced the smaller impact values 
under the conditions of this test. 

Figure 12. The purpose of this chart is to show the 
possible impact values which may be obtained by using 
irucks of different capacities. It is clear that the light 
truck, W, if run at a sufficient speed, may give impact 

alues as high as a heavy truck, when run at the ordi- 
nary truck speeds of 8 to 10 miles per hour. These 


impact values were all obtained from a 2-inch obstruc- 





tion. This figure shows that it can not be said that a 
heavy truck always gives the highest impact values, 
without stating several qualifying conditions, especially 
the condition of speed and of tire equipment. This 
statement refers to impacts only. It should be noted 
in particular that a light truck running at high speed 
will produce large impacts only occasionally and never 
very heavy load pressures; while a heavy truck will 
produce in addition to impacts a continuous heavy 
pressure on the road surface. 


SUMMARY OF INDICATIONS, 


The results presented here must not be considered as 
final. The investigation has not been completed, and 
will continue under different conditions for some time. 
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FIG, 12.—COMPARISON OF TRUCKS. (TIRE DEFLECTIONS INDICATED, 
ALL 2-INCH OBSTRUCTIONS), 


It is not the intention in this paper to state final con- 
clusions or to deduce final laws and comparisons. It is, 
however, thought desirable to state briefly some of the 
indications toward which these results may point. 

The impact value depends very largely upon the tire 
equipment. The condition of the tire—that is, whether 
it is new or badly worn—determines the amount of cush- 
ioning effect it may offer. The deflection of thetire 
depends upon its depth and quality, and any condition 
of the tire which adds to its deflection will, of course, 
serve to reduce the impact. The actual shape and 
construction of the tire seem to have considerable in- 
fluence upon its cushioning effect. No account, how- 
ever, has been taken of the power-consuming factor of 
any particular type or shape of tire. 

So far as they have been tested, cushion tires seem to 
offer a decided advantage in reducing the impact. In 
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Chart No. 


Truck. 


Capacity. 


Tons. 


Dt tt tet et pet fet fet tt 


bo te be 


1 Or oP a ta 


Load 


Tons. 


oNnKrOrre 
——e ene 


~nwne 


20 


MILES PER Hour 


Sprung 
weight 
on | rear 
wheel 
(Mg). 


Unsprung 
weight 
on | rear 
wheel 
(mg). 


Pounds. | Pounds 


1,175 375 
1,175 375 
1, 175 375 

970 1, 065 
2, 410 1,065 
3,175 1,065 

70 1,065 
2, 410 1,065 
3,175 1, 065 
3,900 1,000 
3, 300 1, 000 
3, 900 1,000 


Tires 
No Kind 
7 Solid 
7 ..do 
Cushion 
5 | Solid. 
6 liccc Me. 
7 do. 
5 ies 
) ..do.. 
eee Se 
22 Pneumatic 
i _ 
22 = = 


Deforma- 

tion due 

to wheel 
load. 





Springs. 


Deflection 
due to 
No sprung 
weight 


Pabieah 1. 63 
iba hl 1.63 
SR Dbtiin 1. 63 
E 3.19 
E 2. 70 
E 3.19 





Type of test 


Drop-stationary 
Obstruction, 
Do. 
Drop. 
Do. 
Do. 
Obstruction. 
Do. 
Do. 
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do. 


Obstruction. 
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Chart No, 





Sprung 

weight 
Truck, Capacity Load on | rear 
wheel 

Mo). 

Tons Tons Pounds 
\ 2 2 3,300 
A 2 2 3, 300 
A 2 3 3,900 
A 2 2 3, 300 
A 2 3 3, 900 
A 2 3 3, 900 
A 2 3 3,900 
A 2 0 1,250 
A 2 2 3,300 
A 2 3 3,900 
A 2 2 3,300 

A 2 3 





3, 900 


Unsprung 
weight 


I 


on | rear 
wheel 


mg 


Pounds 
O00 
OOO 
O00 
, 000 
000 
000 
OOO 
000 
000 
, 000 
O00 
1, 000 


pee pees et et tt tet ett 
























































Pneumatic 


do 
do 
do 
do 
do 
do 
Cushio1 
do 
do 
do 
do 


Deforma 


ud 


wheel 


No 


Springs 


Deflection 
due to 
sprung 
weight. 


Type of test. 


Obstruction 


0. 
Drop. 
Obstruction 
Drop. 
Do. 
Do. 
Obstruction 
Jo. 























THOUSAND POUNDS 




































































— > 

%* 

- 

= = 
° 




















































































































; + + i= a 5 + + + + + + 
| 
16 + ; } + EEE | 4 + | a | a 
| | | } | } 
Beem Skee | 
4} —- + + _ . T i. = — +. + = + + —4__—_4—_-__4-___—__+— + + + + 
| | Ps | | | } 4 | | 
2 + T J | 4 } + 
10 Pid 2 ee ee Rees 
vf YY ; | |. 
8 LZ _O Es 1 | oe 
PA - a -O 2 \0" 4 
6 | 4 } | 25 
re | | 
4 tnd } ee 
| 
7) YY | ™ | | 
2 + + 4 4 oe 
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2 4 6 8 so 12) 64 6 18 2 4 6 a 10 12 
MILES PER HOUR 
Tires Springs. 
Sprung Unsprung 
weight weight | 
Chart No. Truck. Capacity .| Load. on1rear | on 1 rear Deforma- | Deflection Type of test. 
wheel wheel N Kind tion due due to 
( MQ). (mg). ids — to wheel sprung 
load. | weight. 
Tons. Tons. Pounds. Pounds. | 
DK wuts te cee ke iene aet A 2 2 3,300 1,000 Ak See 0. 27 E 2.70 Drop. 
ES eee A 2 3 3,900 1,000 O hisses | ee 30 E | 3.19 do. 
EE ee es eee A 2 2 3,300 1,000 | ae | SSE 27 E | 2.70 | Obstruction. 
Pi acbenandehutvhecescencesssdwnen A 2 3 3, 900 1,000 a _ a . 30 E 3.19 Do. 
ORIG Sea rent A 2 3 3,900 1,000 12 ieee 32 E| 3.19 Do. 
AES A ea ee A 2 2 3,300 1,000 . ee ee . 30 E 2.70 Do. 
DERG Nuab eA SGSrerbadanteenscchebicoeen A 2 2 3, 300 1,000 Oe tears _ Sees . 30 E | 2.70 —. 
ME ntcattrrckdcwtacccniwakieeacd P 3-34 24 3, 450 SO isacawes Pneumatic........ 1.18 D | 1, 44 do. 
itdls chankdeey ie oes P 3-34 4k 5,300 BO laicwcecsl veces i 1. 40 D | 2. 20 Do. 
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Springs. 
Sprung Unsprung 
weight weight 
Chart No. Truck. Capacity. . Onlrear on 1 rear 
wheel wheel 
( Mg). (mg 


Deforma- Deflection Type of test 
tion due : due to 
to wheel sprung 

load. weight. 


Tons. Pounds. Pounds 


Solid { y ‘ Drop. 
..do ‘ d ° Do. 
_.do Do. 
do Do. 
...-do Do. 
nae Do. 
..do Do. 
Do. 

Obstruction. 


CF tO to + to 
OT NS ee ed 


do 
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; 
“| 
| ' Tir Springs 
Neg Sprung Unsprung 
a4 ‘ weight weight 
ib et Chart No. Truck. (Capacity Load. ontlrear on 1 rear Deforma Deflection Type of test 
7.3 wheel whee! | tion duc . due to 
i oi ( Mg mg " to wheel m0; sprung 
| load weight 
f" 
os Ton Tons. Pounds Pound 
44) 43. P 23 3, 450 1,700 10 | Solid i D 1.44 | Obstruction 
Ni 44. P \ t} », 300 1, 700 10 do $2 D 2. 20 Do 
i) 45. P 0 1,150 1,700 il do 17 D .48 | Drop. 
Ne 6. P 24 3, 450 1, 700 il do 26 D 1. 4 Do 
- 47. _ 4} 5, 300 1, 700 ll ..do «32 D 2. 20 Do. 
ee 48... P 0 1, 150 1,700 ll do me D -48 | Obstruction. 
ie 49. P 24 3, 450 1,700 11 ..do 26 D 1. 44 | Do. 
f . NES at eae P 44 5, 300 1,700 ll ...do . 32 D 2. 20 Do. 
ah : Perak ee SULRRE RDA GL GeES wcccescccnscea'ee 4 0 1,150 1,700 | 17 ..do. . 05 D | -48 | Drop. 
i | 
i 
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Tires Springs. 
Sprung Unsprung 
| weight weight } } 
Chart No. Truck. |Capacity.| Load. | onlrear on 1 rear Deforma- Deflection Type of test. 
| wheel wheel Ne Kind tion due we | due to 
| (Mg). (m@). 7 ' to wheel "| sprung 
| load. weight. | 
1 | 
7" Tons. Tons. Pounds. | Pounds. 
Re. » Jide Rens ahbeeekteksahbhakes P 3-34 2 3,450 1,700 17 | Solid... 1. 08 D 1. 44 _— 
OS. . (bbe an ene ddvistiewese+enetonan tn P 3-34 4 5,300 1, 700 17 do. . 09 D 2. 20 0. 
ee OE SE IEE EE EET P 3-34 0 1, 150 1,700 17 do. . 05 D .48 | Obstruction. 
DU. < i ciebadunsseabeawngewienws ceawemaaeee 4 3-34 23 | 3,450 1,700 De Riis do. . 08 D 1. 44 Do. 
We. = cuhlaGedesebeevepeeese pp etoeenies - 3-3 44 5,300 1,700 17 do. 09 D 2. 20 Do. 
Ot. ssigubigiene ved dh sheeeeriagantuGenes P 3-3 0 1,150 1, 700 BD leew do. - 05 D - 48 | Do, 
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L~ Je =Jo-Jo=ho-]as] 


Capacity. 


Tons. 
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Tires. 
Sprung Unsprung_ 
weight weight 
on he on ny proanay mei 
wheel whee 1 rs tion due 
( Mo). (mg). No. Kind. to wheel 
load. 
Pounds. Pounds. 
1, 150 1,700 AR ee 0, 05 
1,388 5) eS Spa ibensscswnwenslecansnanes 
4, 700 1 y SeGRRRD ae: REI FEN ESB 
5, 900 BT Gisweccudhacsed ints ceconkenindagnenaae 
1, 383 <3 Se coe ee See ee 
4,700 Be Favns<de dient ok do 


Springs. 


Deflection Type of test. 
: due to 
No. sprung 
weight. 
D 0.48 Drop. 
A .74 Ba, 
A 2. 62 Do. 
A 3. 62 Do. 
A .74 | Obstruction. 
A 2. 62 | Do. 
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Sprung Unsprung __ 
weight weight 

Load. | on 1 rear | on 1 rear Deforma- 
wheel wheel Kind. tion due 


( M9). (mg). No. to wheel | 


load. 
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| Obstruction. 
| Drop. 
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| 
} 
| 
Tons 


| 
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i Tons. | Pounds. | Pounds. | 
A 5 5 5,950 | 1,950 | 
A 5 7 | 8,650| 1,950 | 
A 5 0 1,050 | 1,950 
A 5 5 5,950 | 1,950 | 
A A 5 74 | 8,650| 1,950 
A | A 5 0 1,050 | 1,950 | 
A 5 5 5,950 | 1,950 
; A 5 7} | 8,650| 1/950 
j A 5 0 1,050 | 1,950 
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Tire Springs. 
Sprung |Unsprung 
weight weight ; 
Chart No. Truck. |Capacity.| Load. | on1rear| on 1 rear Deforma- Deflection Type of test. 


—— 4 — No. Kind. ae | Ne pro 
“— ali load weight. 

is Tons. Tons. | Pounds. | Pounds. By Ge ‘ ; 
| SP SO - 9 rn A 5 5 5,950 1,950 15 | Solid..... 0. 38 F 2.12 | Obstruction. 
0 OE CRETE A 5 74 , 650 | 1,950 15 Oiw<se. : »45 F 3. 09 Do. 
SE aE TT RS 5 atte 5 0 1,050 1,950 ene 20) NIE .18 F .38 Drop. 
eee ne eS ee eee cn” 4 5 5 5,950 | 1,950 a G0)0.<. . 36 F 2.12 | 0. 
RA: - Gay 2 ahipbianle See A | 5 | re 8,650 | 1,950 | Fae Sea . 43 F 3.09 | Do. 
0.5 eee ee ee ae an 5 0 1,050 1, 950 ees do... 18 F .38 | Obstruction. 








Type of test 
2 | Obstruction. 

















= 
Sex SSS2838 
i ¢£ stage 
| = Stas 
ioe | iconinsmadiaaiiiis 
a ‘ fy i it ia 
° 
Zz 
a3. 838223 
Ross “grrres 
Sees 
eSo~ 
= iZ 
Z 
€ Bo 
3 5233 
a = _ _— 
e mn eee a 
A) 2 = a 
s tw. ° 
wedz< | 3388988 
egnas S dod dads 
Ae oT Ss 
nes a, 
= ~omowke 
8 5 
Ss & 
ba oes 
a B 
s | 
3 
E <<<<<4 
2 ae 
A eae 
t PBB ES 
—— 4 | Cee ere 
= Pe os om 
= ee eS 
) iiiiit 
SONNOd 40 SONYSNOHL 3 guages 








ES —— lle 








© 
°o 
z 

> 
° 
a 

rs] 
z 
< 
o 
—) 
° 
x 
me 





8 0 12 
MILES PER HOUR 


Springs. 
Sprung Unsprung ie 
weight weight os 
Chart No. Truck. Capacity. Load. | onlrear on | rear Deforma- Deflection Type of test. 
wheel wheel Kind tiondue| due to 
( Mg). (mg ; to wheel — sprung 
load. weight. 





Tons. | Pounds. 
6.7 | 8,150 


Solid... 90 Drop. 
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| 
} Tires. Springs. | 
Sprung |Unsprung 
; weight weight a 
Chart No. Truck. Capacity. Load. | on 1rear| on 1 rear Deforma- Deflection Type of test #4 
wheel wheel Ni Kind tion due No due to a 
( Mg). (mg). _— = to wheel Fay sprung | i 
load. weight. | A 
Tons. Tons. | Pounds. | Pounds. : 
TS a ae eee Ka 5h 5 7,060 1,000 9:1 Gelld...:.. : 0. 23 B 3.73 Iron obstruction 
Rie tt tibet casks dudusencccdabewes Ka Fs § 5 7,060 1,000 912.0 do 23 B 3.73 | Drop. 
i Gsiews eobeewscsucdewbusconscedenes Ka 54 73 9, 575 1,000 2 Sa . 28 B 5.12] | 0. 
De pocnktiie ch cheehedanessevesecs cs Ka 54 0 2,2 1,000 9 eee ae 15 B 1.12 | Obstruction. 
8 REESE a Sere ae Ka 54 5 7,060 1,000 | ithuinekenaes 23 B 3. 73 Do. 
DA ednneebenebecicescceseucewea Ka 54 7% 9, 575 1,000 B iscond . ee - 28 B 5. 12 Do. 
DME MsUE Wee cibceuneweseucereguesnd Kb 5 0 , 600 1,300 De leceae ide puwaadaadca 15 G . 53 ay 
PRES Gdb as edn déhechucecannieseas Kb af 5 5, 800 1,300 De leweas a . 28 G 1.93 0. 
DARE RAUGhe Ne uh Chemewbbsccbesséuvvecs Kb 54 74 8, 800 1,300 16 jecces Btratvscecseues . 35 G 2.93 Do. 
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Truck. |Capacity on lrear on 1 rear 








Deforma- 
tion due 
to wheel 


load. 




















Springs. 


Deflection Type of test. 





due to 
sprung 
weight. 
G 0.53 | Obstruction. 
G 1, 93 Do. 
G 2. 93 Do. 
G - 53 a 
G 1,93 0. 
G 2. 93 0. 
G -53 | Obstruction. 
G 1.93 Do. 
G 2.93 Do. 
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SS a 
—$_—_—__}_}___} 
ae + —_+—____4—_—___4 
| 
} } . 4 + + +—_—+ 4 | ee | — 
4 4 } 1 } } 4 } + + 4 ———+ + 4 4 4 4 
mg | | ox. 
2 4 3 8 io 1 . . ws 2 4 3 a 2 4 6 8 20 
Mites Per Hour - 
Tire Spring 
Sprung |Unsprung 
weight weight : 
Chart No. Truck. apacity. Load. onl rear! on 1 rear Deforma- Deflection rype of te 
wheel wheel : tion due due to 
Mg mg). No Kind towheel No sprung 
load weight 
Tons. Tons Pounds. | Pounds. 
115 Kb 54 0 1,600 1, 300 25 Solid ‘ 0, 08 G 0.53 Drop. 
116 Kb 5h 5 5, 800 1, 300 25 ..do 15 G 1. 93 Do. 
117 Kb 54 74 8, 800 1,300 25 ..do .18 G 2. 93 Do. 
118 Kb 5h 0 1, 600 1, 300 25 ..do . 08 G .53 Obstruction. 
119 Kb 5} 5 5, 800 1,300 25 ..do 15 G 1. 93 Do 
120 Kb 5A 74 8, 800 1,300 25 |.....do 18 G 2. 93 Do. 
121. Ke 7 0 2,700 1, 500 1 |.....do 0 Cc 1.08 Drop. 
122. Ke 7 3 6, 200 1, 500 se . 48 Cc 2. 70 Do. 
123. Ke 74 84 11,000 1,500 S todwnceel an . 60 C 4.78 Do. 
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Tons. 


24 26 28 e) 2 4 
MILES PER HOUR 
“prulig 
weight weigh 
m1 rear mir 
wheel heel 
Mg ’ 
Pounds / 
» 700 1, 5K 
6,200 1, HM 
11.000 1, 500 
> 740 1,130 
8, OSU 1, 130 
9,380 1,130 
7, 980 1, 500 
10, 280 1, 500 
7,980 11,500 
10, 280 1.500 
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| 
22 24 26 28 30 
a = 
Deflection Type of test. 
due to 
sprung 


weight. 


1.08 Obstruction. 


2.70 Do. 
1.78 Do. 
Do. 
Do. 
a Do. 
1.75 Drop. 
2. 62 Do. 


1.75 Obstruction. 
2. 6 Do. 
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this connection it should be stated that the name 
“ecushion’’ on a tire does not necessarily make it such 
a tire. Some definitions and deflection requirements 
should be adopted for the classification of tires. ) Cer- 
tainly a tire which does not have at least a deflection 
value of 40 per cent to 50 per cent of the deflection of 
a pneumatic tire under the same capacity load should 
not be classed as a cushion tire. 

Pneumatic tires, as might be expected, show a very 
great influence in reducing impact values, and the im- 
pact produced with such equipment seems to increase 
only very slightly with the speed. 

Considering the effect only upon the impact, the 
width of the tires, or the load per inch of tire width has 
very little controlling influence. The deflection of the 
tire is the main factor and this is controlled only slightly 
by its width. A decrease in tire width increases the load 
per square inch of tire, which in turn causes a slightly 
greater tire deflection. This, then, should tend to 
slightly decrease the impact. It will thus be seen that 
a large tire width does not tend to decrease the impact, 
but rather to increase it. It is a fact that a very wide 
but thin solid tire will give much higher impact forces 
than a narrow thick one. Insofar as the unit load on 
the road surface is concerned, this must be considered 
from an entirely different viewpoint. 

The speed of the truck has an important influence 
upon the value of the impact force, but it is a somewhat 
complex relation. It is not a simple arithmetical ratio, 
nor can it be expressed simply as a certain power of the 
speed ratio. When striking an obstruction or irregu- 
larity, the curve showing the impact values in relation 
to speed is approximately a straight line. But the 
equation of this curve depends upon the characteristics 
of the truck, the height of the obstruction, and the de- 
flection of the tire, as well as the speed. For approxi- 
mate comparisons it may be stated that the impact 
increases with the increase of speed: 

10 to 100 per cent for solid tires; 
10 to 75 per cent for cushion tires; 
and 0 to 10 per cent for pneumatic tires. 


| An average of any of these limiting percentages must 
) not be used, as the performance of any truck is too 


variable, and the relation of the other controlling factors 
can not be predicted. 

When dropping from one level to another the speed 
affects the impact value somewhat according to the 
percentage variations, given in the preceding para- 
graph, up to the point of a critical speed of 9 to 12 
miles per hour. Beyond the point of critical speed at 
which the wheel falls freely there should be no increase 
in impact value. 

Although heavy unsprung weights may give higher 
impact values than lighter unsprung weights, it can 
not be said that this is the major controlling factor. 
With all other conditions remaining constant this may 
be true. But other controlling factors, such as tire 


equipment, spring stiffness, load carried, and speed, 
may have a greater influence and overcome any 
difference due to the unsprung weights. 

It is easily possible to so operate a light-weight truck 
under certain load and speed conditions that it will 
produce as high impact values as a heavy truck under 
certain conditions. Much remains to be learned, how- 
ever, as to the relative destructive effects of light-weight, 
fast-running vehicles, and slow-moving heavy trucks. 

The impact values as shown on the accompanying 
charts may be as high as 7 times the load at one rear 
wheel for a solid tire over a 1-inch obstruction at 16 
miles per hour; an average value being about 4 times. 
For pneumatic tires the maximum impact value is 
probably not more than one and three-fourths times 


the load at one rear wheel, and an average value is 
not more than 25 per cent. 


REPORT ON CALIFORNIA HIGHWAYS READY. 


The report of the Bureau of Public Roads on the 
study of the California highway system made by the 
bureau has been completed and will be published 
by the California Commission about March 30. 

The report, which was transmitted to the State 
Commission by Secretary of Agriculture, E. T. 
Meredith on February 18, covers the work done at 
the request of the California Highway Commission 
and Highway Engineer since July 8, 1920. The 
field studies and the preparation of the report were 
carried forward under the immediate direction of 
Dr. L. I. Hewes and T. Warren Allen, general in- 
spectors of the Bureau of Public Roads. 

The published report will contain about 58,000 
words and numerous tables, together with 11 ap- 
pendices. It is profusely illustrated with photo- 
graphs and 115 maps and diagrams. Bound _ in 
cloth it will make a valuable addition to highway 
engineering libraries. 

It is the most comprehensive study of the results 
obtained through the development of a State high- 
way system that has yet been undertaken. Th 
work follows two principal lines; one that include: 
those questions that are engineering in character 
and the other those that are economic in character. 

For the purpose of the study, the principal opera 
tion was to classify all the pavement laid. This 
classification covered 1,262 miles from which 
complete record of all concrete pavement for each: 
one-tenth mile resulted, and is supported by 7,50! 
consecutive photographs filed in the bureau. 

An abstract of the report will be published in the 
April issue of Public Roads. 





Acknowledgment is made to Mr. J. T. Pauls for his painstaking and thoroug! 
effort in conducting the field tests, and for his aid in preparing and plotting th« 
charts; and to Mr. C. A. Hogentogler for helping to secure and analyze the dat». 
This investigation is done under the general direction of Mr. Thos. H. MacDonai:|, 
Chief of the Bureau of Public Roads, and Mr. A. T. Goldbeck, Engineer of Tests. 

















State. Project No. 


oo ee | 25. 


iinvcisinecettasccl MP4 thweaevedsncntas 
i cede 0o< cocuegt abs tidideaconndan 


Connecticut = Dtwws 
Georgia... 





Indiana 


Kansas . 


Louisiana 


ere 
Massachusetts 





a 
ae 
Mississippi ..... 


Ohio 


Oregon 


Texas 


1 Withdrawn or canceled. 
1 Revised statement. 
* Revised statement. 


County. 


Prima and Santa Cruz 
Santa Cruz 
Se 
Hempstead... .. cs 

Grant a etesd ida hci 2 


PN sii aie sin'eakee eas 
Noite os cankenvinrs 
Chaffee 


Sedgwick... .. 
Gunnison. . 
Montezuma. .... 
New London.. 
—-. 

Polk. 

Dekalb. 


Gwinnett 


| Randolph....... webiste 


Fayette 


Worth 
Columbia 
Vanderburg, Warrick, Spencer, 
bois, Orange, Lawrence. 
Noble 


St ch ee 
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Length. 


-_ 


~~ e 
— 


— 


Amounts given are decreases from those in original statement. 
Amounts given are increases over those in the original statement. 


PROJECT AGREEMENTS EXECUTED IN JANUARY, 1921. 


State. Project No. 


\rizona 


SEE eee 


Co cicccs wccciasne 


Footnotes on page 39. 





County. 


Length. 


FEDERAL AID ALLOWANCES. 


PROJECT STATEMENTS APPROVED IN JANUARY, 1921. 





Project , 
Type of construction. alte: — ee 
proved. 
Bridges. . . Jan. 15 | $52,000.74 $26, 000. 37 
Gravel... er 114, 603. 50 57, 301. 75 
Concrete. Jan. 7 '200,000.24 100,000, 12 
Gravel. Jan. 18 | 4 29,647.04 119,000.00 
steed a Jan. 25 152,090.50 | ! 15,000.00 
Bridge. Jan. 27 |! 34,650.00 _ 115,600.00 
Concrete Jan. 26 ' 37,041.98 1 4, 200. 00 
saa asd do Jan. 6 68, 999. 99 19, 540, 00 
Gravel. . Jan. 21 | * 27,865.54 | 313,932.77 
Earth.. Jan. 28 110,775.50 55, 387. 75 
Concrete. . Jan. 6 57,963.95 25, 900. OU 
siaieiee do Jan. 21 57,975.70 26, 320. 00 
— do Jan. 6 | 175,983.50 87,991.75 
Gravel..... Jan. 22 68,202.75 34, 101. 37 
Earth and gravel Jan. 26 88,810.26 44, 405. 13 
Gravel. Jan. 21 39, 314. 55 19, 657. 27 
Bituminous macadam Jan. 6 | 189, 456.30 85, 000. 00 
Bridge... Aug. 2 |! 59,950.00 | ! 29,975.00 
Top soil... eee 141,184.00 | ! 20,000.00 
Concrete. | Ve 1134, 778.38 | 145,501.04 
ae do. .-do.....| 151,154.71 | 125,577.35 
Sand-clay Jan. 15 245, 884. 08 37, 500. 00 
ooeei do Jan. 4 26, 793. 80 13, 396. 90 
Shell. . Jan. 6 195, 647. 58 90, 000. 00 
Topsoil Jan. 26 15,102.82 7, 551. 41 
Bridge edBices « 36, 300. 00 18, 150, 00 
Gravel... Jan. 17 | 22,000.00 11, 000. 00 
Earth and hard surface................ Jan. 26 | 176,180.53 25, 000. 00 
eee we 28, 585. 37 14, 000. 00 
Earth, brick, concrete, or bituminous Jan. 21 /22, 115, 596.26 2] 057,798. 13 
concrete. 
Brick, concrete, or bituminous........ Jan. 15 | 636,900.00 318,450.00 
Bituminous macadam................. Jan. 14 | 16,182.52 7, 815. 00 
Ses Seer Jan. 28 | 378,840.00 103,800. 00 
Sand-clay, gravel ............. pon 162,531.15 | 131, 265. 57 
eee enka bbeauue Jan. 24 | 216,991.15 1 8, 495. 57 
ee en Se eee 195, 749. 84 88, 000. 00 
ED ak wwctUeUesaceudenveuces anes Jan. 22 120,973.60 60, 486. 80 
Bituminous macadam................. Jan. 4, 79,761.00 39, 880. 50 
ee _ EE Jan. 22 50,923.40 25, 461. 70 
Bituminous concrete. . : = re 71, 520. 46 35, 260. 00 
Bituminous macadam................. Jan. 24 | 276,511.73 89, 960. 00 
SE Re ee Seen . Jan. 21 | 178,774.75 64, 160. 00 
— ee Jan. 28 | 153,741.50 61, 360. 00 
ee ee Sr eer Jan. 24 | 197,692.00 71, 820. 00 
Cc onerete or bituminous concrete....... Jan. 28 778,442.50 | 346,400.00 
Lace cecdivedn buvebiscGuecesawes Jan 7 | 3 45, 005. 62 3 3, 699. 02 
weves _ ee eee pie wibeiek een Jan. 27 |! 30,573.84 | 3 15,000. 00 
SER eee Jan. 28 | 2 87,403.25 | 2 15, 796.63 
NC aGiocnscceetenbanetcencectued Jan. 12 ' 320, 485.44 |! 100, 000. 00 
PU inatktnedunesenhuseublevundnans Jan. 28 | 99,772.7 49, 886. 37 
eine Mt entkecbedencucsvcesecirenseseces} cud eneata an 29, 150. 00 
tite bcchcawbeeeekucwawacas Jan. 26 96,992. 50 48, 496. 25 
I oicsin seasernk ness saacabaaedll nee 19, 151. 00 3 9, 575. 50 
iy aicvic ann nameeisnemen tomes Jan. 22! 92,803.70 46, 401. 85 
EP acinkds vob cadena Geecaneua ocean Jan. 28 48,836.15 24, 418. 07 
ee Jan. 14 13,860.00 6, 930. 00 
Bituminous macadam................. Jan. 7 '123,000.00 | ! 43,600.00 
SE 6 edtecmecsnesesiegsccccessnaniwad GO..0s0 1220, 000.00  ' 72,000. 00 
ios chvtavetawatseksseseecunen Jan. 15 | 40,000.00 20, 000. 00 
0 Eee ee Jan. 22 247,929.00 | 123,964. 50 
Saeko sudan wiieeee sik aioe Jan. 27 |} 207,900.00 | } 103, 950.09 
sa ricenccns itebebwetnskaaene Jan. 31 1133, 102.20 | 166,551.10 
Ss biccdeecnéninccudcéaccenuuecasen Jan. 17 58,791.81 25, 000. 00 
sane ovdcanccvesenss éeuttssicecsnescaysl ain, at | eee 31, 574, 42 
sakinn BOvccavesceccccssecceseccoceccensesl Oke EB | CERES) See 
eae See Jan. 22 94,076.00 47, 038. 00 
Project s cea! P 
P : agree- stima’ ederal 
Type of construction. ment cost. aid. 
signed 
$15, 303. 91 
32, 044. 27 
39, 447. 92 
80, 301. 76 
88,715. 17 
21, 400. 00 
36, 300. 00 
3 15, 576. 76 
* 25, 754. 69 
* 162, 674, 82 








State. 


Creorgia 


Iino 


Indiana 


Iowa 


Kansa 


Louisiana 
Marvland 


Michigat 


Minnesota 


Mississippi 


Missouri 


Montana 


a ee 
New Mexico 


New York.. 


North Carolina. 


Ohio... 


Oklahoma 
Oregon. 


Pennsylvania 


Rhode Island 


Footnotes on page 
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76 W heels 
117 Gwi 
144 Mace 
L54A Wayne 
162 (rw et 
164 Macc 
178 Murra 
ISI Dekal 
1490 Quitmatr 
202 Wilcox 
1-25 Lee 
1-M Kane 
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o-W Fayette 
11-S Vermilion 
14-9, 10, 11 Jacks snd | 
15-5 Williamso 
17-1, 2 Adam 
16-E F Spencer and Dubs 
RSBABCD | I 
BCD Wa 
129 Decatur 
+4 Sail 
15 7 do 
) Bour 
2 W vando and 
62 Mo 
65 All 
6a Sa le and O 
71 Chero 
t _ Mar 
7-bD Baltimor 
1) lo 
$2 (Anne Arundel 
13 Prince George 
1AB Oceana and Muske 
26 n 
33C D Alco 
1 Pi 
17 
31 o 
sO Af 
40. 
114 i rne 
140 Cas 
153A Blue Earth... 
162 Beltrami 
176... Itasca 
188... ‘a : Freebor : 
7a eS Lac qui Park 
30) Lauderdak 
42 Pike 
a . .-eCoahoma 
62. Maco 
84... ° Jaspel 
121A . Barry 
122... oe Petti 
1I50AB CGireem 
9A Madisor 
15... eas .- Rosebud 
Se Meagher 
1OSA. Musselshell 
136.... reton.. 
_ es ‘ Churchill 
1I3A , Valencia 
4... Hidalgo 
22 Broome _ 
69 in Delaware 
Davidso 
3 Montgomery 
a) Mecklenburg 
59 ) Columbus 
66... Haywood 
TOA Jackson 
91... : Surry. 
96 : Yancey 
99.... ‘ ; Chatham.... 
LOOAB Avery. 
125A ‘ Alleghany 
89... ’ ; .- Madison 
On Paulding 
Lo4 Clermont 
175 Hocking 
is Muskogee 
tye Wheeler 
12 Yamhill 
17 Malheur 
24 Gilliam 
a Sherman 
5 Wasco 
4 Gilliam. . M 
oe - Dauphin and Perry 
eae Lancaster : 
92... Delaware. .... 
4 : ; Northumberland 
95. Lycoming 
ape . Providence 
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PROJECT AGREEMENTS EXECUTED IN JANUARY, 1921 





Continued. 


roject 
Loree. tim . Vedara' 
State Project No County Length | ia ahr E — a 
igned 
Vile 
South Carolina 13 Chester and Union Bridge la 15 $80. 264.78 £35,601. 45 
28 Orangeburg Concret 1 sa 19 24,749. 35 
$4 Clarendon R39 Sand-cl 11 79, 843. 61 39, 921. 80 
O68 Anderson 8.414 lor l i 21. 112,801.52 56, 400. 76 
lrexa 42 Tarrant 27. - Gravel, bi ut 28 3118,941.15 359, 470. 57 
61. Wichita Concrete un. 10 4 29,923. 41 #50, 000. 0 
73 Guadalupe Rock asphalt Jan. 15 44,007.16 422,048. 50 
SSB Cass.... ). GO Grave Jan. 26 126,741.98 35, 000. 00 
128C Montague %) Gravel and Jar 12 19, 964. 98 22, 500. 00 
142 Harrison Gravel I Jan. 25 15, 532.19 
158 Hemphill 10 | Sand-cla Jan. 10 82, 747.61 49), 000, 00 
166 \tacosa. TI Gravel " i] 01 4H, 09 142 866.61 
176 Runnels 760 3=— Grave Jan. 25 40, 248, 54 20, 124. 27 
Utah 1 Piute. Bridge Jar 17 19, 181. 49 9, 590. 74 
Vermont 17 Windsor | ige i 10 17,095. 65 8. 547. 82 
2” Washington lo 22 33, 765. 98 16, 882. 99 
Virginia ] King George ) x Cravel l 80, 87S. 20 4), 439.10 
106 Southampton x ¢ re 8 54,034. 50 19, 600. 00 
Washit il Thurston Gira 24, 879. 8) $12,001.97 
44 Clarke Co I 2 38 500. 00 
7s Skamania 2 Git $2, 014.8 21, OOO. 
7 Lincoln 1 Earth } 2 48, 163. 28 24,000. 00 
st) Benton l Gravel 1 7 24 700. 61 12,000.00 
Wisco 12 Dane Wa 11 18, 437.2 11,691.39 
13 Clark Git i 17 3, 380. 52 
22 Jefferson and Dodge j la 1 6.000. 00 
5 Ashland Earth de 4,656. 55 1, 552. 18 
S2 Vernon Bitun I 7 173. 65 19, 361. 42 
105 Monroe hale 2t SS, ORS. 34 10,481.31 
12 raylor M iTave 1S 48, 551. 05 21,116.17 
126 St. Croix 2.730 Concrete Jat 4 19,701. 2 10,542.91 
134 Juneau Si lopsoil Ja 18 14, 608. 63 16, 493. 52 
137 Lafayette Earth Jan. 13 $2, 962. 00 16, 481. 00 
13% Brown Concrete Jar 11 31,474.07 
i lowa 8%. 180 Earth ] 121,520.09 30, 000. 00 
165 Vilas i 26 | 67,392.75 25, 000. 00 
176 Sauk Gravel i 7 21, 876. 25 8,938. 12 
177 do d ( 2,442. 69 24,000. 00 
W vorning iv Natrona Lo rete la 25 £120,981. 47 $8, 541. 27 
Canceled 
? Modified agreement Amounts given are decreases from those in the original agreems 
§ Modified agreement Amounts given are increases over those in the original agreeme 
‘ Modified agreement {mounts given are increase Second revisior 


° Modified agreement Amounts given Phird revisior 


are Lncreases 


CONSTRUCTION AND MAINTENANCE IN ILLINOIS. 


A total of 341 miles of durable hard surfaced roads 
was built by the State of Lhnois during 1920. <Ac- 
cording to the State highway department this is a 
greater mileage of high type construction than has 
been built in any previous year by any State, and 
more than any other State built during 1920 except 
Pennsylvania which completed 410 miles. 

The mileage completed during 1920 1s distributed 
as follows: 


Mile 

Lincoln Highway ; | 
Dixie Highway. ’ 15 
National Old Trails Road : : 69 
(hicago-East St. Louis Road ; eae : : 113 
(hicago-Waukegan Road . — 9 
State-aid Work ........ soe - 53 

341 


There are still uncompleted contracts on the above 
roads approximately as follows: 


Miles 
Lincoln Highway....... are i iain ” 12 
De a ee eee 20 
‘ational Old Trails Road...... ‘ 18 
Chicago-East St. Louis Road ............. — seat 71 
Chicago-Waukegan Road.................-.--- J. ve Li 
State-Aid Work........... 28 


190 


In addition 1920 for 
134.95 miles of grading and 81 bridges on the bond 


total 


contracts were awarded in 


cost 


issue system, the 
$3,427,000. 


of which will be about 
Of these contracts 56.77 miles grading 
and 30 bridges have been completed. 

According to a recent bulletin issued by the State 
highway department the effort put forth by the de- 
partment and the contractors would easily have built 
double the mileage if conditions had been favorable. 
At the beginning of the season there were approxi- 
mately 100 paving machines on hand waiting for 
materials to be delivered to them. On account of the 
car shortage and restrictive rulings of the Interstate 
Commerce Commission not more than 53 of these ma- 
chines were in use at any one time during the season, 
and the average was considerably under that number. 

The department warmly commends the contractors 
for their earnest efforts to conform strictly to the 
specifications and to produce roads of good quality 
despite the unfavorable conditions with which they 
had to contend. In instances the increased 
cost of labor and materials caused by the car shortage 


many 


meant the absorption of all their profits and in some 


cases even a direct loss. 








MAINTENANCE COSTS. 


The cost of maintaining the hard surfaced roads of 
the State in 1919 is shown in the table on this page. 
The table shows separately the cost of maintaining the 
surfaces and the shoulders and ditches and the com- 
bined maintenance cost for the whole roadway. The 
1920 costs have not yet been tabulated. In some 
instances they will exceed the 1919 figures because of 
the higher costs of material and labor and the necessity 
for repairing breaks in all types of pavement due to 
excessive loading. 


In interpreting the table of maintenance costs the 
department says: 


“Tt should be understood that a one-year record of 
the maintenance cost of any particular type of con- 
struction is not necessarily a measure of the economic 
service value of that type. This is true because of the 
fact that certain types of road, such as bituminous 
macadam, may require but very little maintenance ex- 

enditure during one season, and the following season 
it may be necessary to give the road a surface treat- 
ment at a very considerable cost in order to preserve 
its integrity. This is not only true for the type of road 
mentioned, but is more or less true forall types. Fur- 
ther, if a certain type of pavement designed for, and 
used by, light traffic is suddenly called upon to bear 
heavy motor truck traffic, the pavement may be 
utterly destroyed so that it has to be replaced by an 
pees me different type to resist the altered traffic. The 
reconstruction is not ordinarily classed as maintenance 
but as new construction. This, of course, may lead to 
a misconception of the service rendered by a given type 
of pavement. Moreover, if but a small mileage of a 
given type of pavement is under maintenance, an 
unusually large expenditure on one section may cause 
the average for that type of pavement for one year to 
appear abnormally high. On the other hand, the loca- 
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tion of the roads of a given type may be such that the 
total mileage of that type is subjected to unusually 
light traffic, and the maintenance cost, therefore, may 
appear abnormally low. These things must be kept in 
mind in connection with the table of costs presented.” 


LOCATING THE BOND ISSUE ROUTES. 


During the past two years the greater part of the 
bond issue system of roads has been definitely located. 
This is a work that has consumed a large part of the 
time of the department, both in making reconnaissance 
surveys and in hearings held prior to determining upon 
locations. 

The realization of the great value of the roads to 
communities and to farm residents has brought about 
very bitter contests over road locations in many places 
in the State, and in some instances has caused keen 
disappointment to the unsuccessful contestants. The 
department, in all cases, has rendered its decision only 
after the most thorough engineering study and careful 
consideration of all factors involved. 


ROAD EXPERIMENT PLANNED FOR 1921. 


In order to provide a basis for the solution of the 
questions of road strength which have been brought up 
by the motor truck, the department has entered upon 
the construction of a test road, in cooperation with the 
Bureau of Public Roads. The road will be completed 
early in the summer of 1921, and the tests will be made 
immediately following its completion. It is believed 
that the results obtained will give a very definite idea 
of the value of the different types and thicknesses of 
pavement for carrying truck loads, and also what limits 
shall be applied to the weight of vehicles which are 
permitted to use the roads. 


Maintenance costs, Illinois roads, 1919 (all widths from 10 to 18 feet included). 


Type. 
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Upkeep of road- 


Wearing surface sides, ete. 


Total mgintenance. 








Miles. 
Average Average Average 
Cost. cost per Cost. cost per Cost. cost per 
mile. mile. mile. 
86.90 $3,704.13 $42.63 $6,618.57 $76.16 $10,322.70 $118.79 
366.15 19, 793. 42 54.05 35,081.94 95. 81 54, 875. 36 149. 86 
19. 43 4,745.94 244.75 230.77 11.88 4,976.71 256.13 
24.02 6,101. 43 254.01 1, 769. 61 75. 67 7,871.04 327. 68 
26.95 8,070. 32 299. 45 952.73 35. 35 9,023.05 334. & 
42. 36 5, 474. 68 129. 24 1,090.19 25.74 6, 564. 87 154. 98 
133. 50 8, 460. 51 63. 37 2, 820. 33 21.13 11,280.84 SA. 5 
280.75 21,529.11 76.69 4, 382. 56 15.61 25,911.67 92. 3 
980.06 77,879.54 )|........ SEDO Ue liccndsnecvas ere 





















Applicants are urgently requested to ask only for those publications in which they are 
particularly interested. The Department can not undertake to supply complete sets, 
nor to send free more than one copy of any publication to any one person. The editions 
of some of the publications are necessarily limited, and when the Department's free 
supply is exhausted and no funds are available for procuring additional copies, appli- 
cants are referred to the Superintendent of Documents, Government Printing Office, 
this city, who has them for sale at a nominal price, under the law of January 12, 1896. 
Those publications in this list, the Department supply of which is exhausted, can only 
be secured by purchase from the Superintendent of Documents, who is not authorized 
to furnish publications free. 


REPORTS. 


*Report of the Director of the Office of Public Roads for 1916. 5c. 
*Report of the Director of the Office of Public Roads for 1917. 5c. 
Report of the Director of the Bureau of Public Roads for 1918. 
Report of the Chief of the Bureau of Public Roads for 1919. 


DEPARTMENT BULLETINS. 


Dept. Bul. *105. Progress Report of Experiments in Dust Preven- 
tion and Road Preservation, 1913. 5¢ 


*136. Highway Bonds. 25c. 

220. Road Models. 

*230. Oil Mixed Portland Cement Concrete. 10c 

*249. Portland Cement Concrete Pavements for Country 


Roads. 5c. 
257. Progress Report of Experiments in Dust Preven- 
tion and Road Preservation, 1914. 


314. Methods for the Examination of Bituminous Road 
Materials. 
347. Methods for the Determination of the Physical 


Properties of Road-Building Rock. 


*348. Relation of Mineral Composition and Rock Struc- 
ture to the Physical Properties of Road Materials. 
10c. 

*370. The Results of Physical Tests of Road-Building 
Rock. 1ldc. 

*373. Brick Roads. 15c. 

386. Public Road Mileage and Revenues in the Middle 
Atlantic States, 1914. 

387. Public Road Mileage and Revenues in the Sou- 
thern States, 1914. 

388. Public Road Mileage and Revenues in the New 
England States, 1914. 

*389. Public Road Mileage and Revenues in the Cen- 
tral, Mountain, and Pacific States, 1914. L5e. 

390. Public Road Mileage in the United States, 1914. 
A summary. 

*393. Economic Surveys of County Highway Improve- 
ment. 35c. 

407. Progress Reports of Experiments in Dust Preven- 
tion and Road Preservation, 1915. 

414. Convict Labor for Road Work. 

*463. Earth, Sand-Clay, and Gravel Roads. 1dc. 

532. The Expansion and Contraction of Concrete and 
Concrete Roads. 

*537. The Results of Physical Tests of Road-Building 
Rock in 1916, Including all Compression Tests. 
vc. 

555. Standard Forms for Specifications, Tests, Reports, 
and Methods of Sampling for Road Materials. 

583. Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 

586. Progress Reports of Experiments in Dust Preven- 
tion and Road Preservation, 1916. 

*660. Highway Cost Keeping. 10c. 

670. The Results of Physical Tests of Road-Building 
Rock in 1916 and 1917. 

*691. Typical Specifications for Bituminous Road 
Materials. 15c. 

704. Typical Specifications for Nonbituminous Road 
Materials. 
*724. Drainage Methods and Foundations for County 


Roads. 20c. 
Public Roads, Vol. I, No. 11. Tests of Road-Building Rock in 1918. 
*Public Roads. Vol. II, No. 23. Tests of Road-Building Rock 
in 1919. 15c. 


DEPARTMENT CIRCULAR. 


No. 94. TNT as a Blasting Explosive. 


ROAD PUBLICATIONS OF BUREAU OF PUBLIC ROADS. 


* Department supply exhausted. 


FARMERS’ BULLETINS. 
IF. B. *338. Macadam Roads. 5c 
505. Benefits of Improved Roads. 
597. The Road Drag 


SEPARATE REPRINTS FROM THE YEARBOOK. 


Sep. 727. Design of Public Roads. 
739. Federal Aid to Highways, 1917. 
OFFICE OF PUBLIC ROADS BULLETINS. 


Bul. *45. Data for Use in Designing Culverts and Short-Span 
Bridges 1913.) 165c. 


OFFICE OF PUBLIC ROADS CIRCULARS. 


Cir. *89. Progress Report of Experiments with Dust Preventatives, 

1907. 

*90. Progress Report of Experiments in Dust Prevention, Road 

Preservation, and Road Construction, 1908. 5c. 

Progress Report of Experiments in Dust Prevention and 
Road Preservation, 1909. 5c. 

*94. Progress Reports of Experiments in Dust Prevention and 
Road Preservation, 1910. 5c. 

*99. Progress Reports of Experiments in Dust Prevention and 
toad Preservation, 1912. 5c. 


de. 


*92. 


OFFICE OF THE SECRETARY CIRCULARS. 


Sec. Cir. 49. Motor Vehicle Registrations and Revenues, 1914. 
*52. State Highway Mileage and Expenditures to January 


1,1915. 5e 
59. Automobile Registrations, Licenses, and Revenues in 
the United States, 1915. 
63. State Highway Mileage and Expenditures to January 
1, 1916 
Rules and Regulations of the Secretary of Agriculture 
for Carrying out the Federal Aid Road Act. ic. 
*72. Width of Wagon Tires Recommended for Loads of 
Varying Magnitude on Earth and Gravel Roads. 5c. 
3. Automobile Registrations, Licenses, and Revenues in 
the United States, 1916. 
74. State Highway Mileage and Expenditures for the 
Calendar Year 1916. 
*77. Experimental Roads in the Vicinity of Washington, 


D.C. 5e 
Public Roads Vol. I, No. 1. Automobile Registrations, Licenses, 
and Revenues in the United States. 
1917. 
Vol. I, No. 3. State Highway Mileage and Expen- 


ditures in the United States, 1917. 
Automobile Registrations, Licenses, 
and Revenues in the United States, 
1918. 15e. 

State Highway Mileage and Ex- 
penditures in theUnited States in 
1918. 1l5c. 


*Vol. I, No. 11. 


Vol. II, No. 15. 


REPRINTS FROM THE JOURNAL OF AGRICULTURAL 


RESEARCH. 


Vol. 5, No. 17, D- 2. Effect of Controllable Variables Upon the 
Penetration Test for Asphalts and Asphalt 
Cement. 

Vol. 5, No. 19, D- 3. Relation Between Properties of Hardness 


and Toughness of Road-Building Rock. 


Vol. 5, No. 20, D- 4. Apparatus for Measuring the Wear of Con- 
crete Roads. 

Vol. 5, No. 24, D- 6. A New Penetration needle for Use in Test- 
ing Bituminous Materials. 

Vol. 6, No. 6, D- 8. Tests of Three Large-Sized Reinforced Cou 
crete Slabs Under Concentrated Loading. 

Vol. 10, No. 7, D-13. Toughness of Bituminous Aggregates. 

Vol. 11, No. 10, D-15. Tests of a Large-Sized Reinforced-Concrete 
Slab Subjected to Eccentric Concentrated 
Loads. 

Vol. 17, No. 4, D-16. 


Ultra-Microscopic Examination of ——— 
Colloids Present in Bituminous ad 
Materials. 





